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1. mm

meperfomameofactivesmarsystalsislimitedbymterfermgms
ofmiseandreverberatimardbocmbatflmeseflzesonardesignerhascmtml
ofthreeindependentparameters nailelyarray size, signalbandvddtharfisignal
pingedmatim.

Eon: largeship—borme sonar applications, it is possible to implerent the
reginzedsignalprocesshigarflbeanfonmxgfincumsusimdigitaltequues
(M 1). [haven inthecaseof smaller smars, particularlywith smaller
mays,vme:etoneetperfomancespecificationsitisnecessarytogoto
larger 51911.31 bandwidths, theadogtian of digital teemiques using presentday
devices still imposes unacceptable limits on the processing perfomance avail-
able (Ref 2). Ebrtmately, the diarge-ompled‘device (CCD) (Ref 3) has
appearedmthescaieardseersideallysuitedmfliemllarrayamlicatims
for both stabilised beam forming alflmatched—filter signal processing. Cline CU)
aooeptsanaloguesignal sanplesdixectlyandperfomstheneemsaxyoperational
andstoragefimctiansatspeedsinemessofthatmuiredforsonar. Inaddi—
tion, the GI), based on MS tedmology, has the simplicity, my, and lcwer
momsmptionthatthistedunlogyaffordsardmiscmbinedwifliue
directmalogmappmadmnahesitmntablefotflaemaller,Mghm-bamidth
sonars.

2. GZD‘EEAMMAID'SEERING

lbsteerthebeamfomadbyahullflnmtedfmedarraytaguiresflieintm-

ductionofdelayelezerrtsbebieameadltransducerintheanay. Ifthedelay

ofeamelaientcanbevariedandmlledasafmctimofflieship's
mtimthenthedimctionofthebeamcanbestabilisedinspaee. Inthecasei i; s E i g E 2

hasbeendeslgnedardmdehymRE,Malvezh,arflisreferraitoasaTme

Delayandlntegrate('m1)device(nef5). mewototypedevioeisaP-duarmel
chusinQatiuee-fizasepolysiliem tedtmlogy, andha's‘sixtea’i' inputs. 'Ihe
rangeoftinedelays,arflhmbepossib1ebean—steerangles;thatcanbe

achievedbythemIisafimctimofthe'ndJmmmandmdmnclockjng
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frequmcies..1hemmmmdockfrequmwyissetbyfl1eNyquistmmmsmplm
rate criterion, and the highest signal frequency being sampled. me highest
clodcfrequmqrissetbymacceptablelevelofmearmgofmesmpledmrgm
beingclodcedthrowghthe'lDI. Inpractice,thenmdmmvalueofeislimted
toabwt30°,thelimitbeingsetbyacceptablelevelsofside-lobas. Atfre—
qumcimbelaleOkHzadstmgdeviceswillsteerbealstowiflunPofthe
straight-aheaddinection. _

Anexperixmtal fourbeamsteeringsystembasedmthepreoeedingdesign
featmhasbeenhuiltandtestedatsea. 'Iypicalbeamsfomedbythissystan,
wherethesteeringangleisuflerdiiectdigitalcmtrol,arestmmrigures
Zanda. Alummghthefacility is available, itisobviousfromtheplots that
melanent'shading'hasbeenapplied.

2.2 Transmit Beamm

Figure4slmshmabeamisfonmdinmetransmitnnde. Hereasignalis
salpledauiclockedalmigaandelayline,adequallys;acedtapssmseuxe
dwargepadcetsastheypass. Bymeansofabaxfl-passfilteroneadltapmtgxt,
wtputsignalsarerecmsututai,andead1tapmtp.ztsignalhasaphase
relatimshipwiflalloflmrtapoutpztsignalsvbichisafmcdmoffluedflay
lineclockfremxency.

Anexpermentalfmmbemsteermgsystanhasheenpmducedvmidxcmple-
mtsthepmeviwslydescribedfwbemreceivesystan. The
tranmdtbearsobtainedinneasmtsatseaazeshominflguressarfls.

3. oéo smut. PROCESSING

mesmarsignalpmcessomusesacmbinationofactiveanipassivemdes
inmflertoaidthedetectimaxflclassificatimoftargets. 'lhesignalpro-
cessor usually consists of a natched filter for active ranging, and a spectrum
analyser for active Doppler and passive operation. Matched filters can be
uplamntedusmgavddemietyoftedanm,butforsmmapplicatimsthe
dxoice becunes limited, because processing involves signal sotrage him rang-
ingfirunseveraltensofmilliseconistoasecmdorsoinsmecases. In
addition, because of the difficult m'derwater environment and limited perfor-
nanceparaleters,itisadistimtadvantagemmmamiderabledegree
offladbilityintotheprocessingsystaninordertobeabletooptmdseme
perfomanceforagivensetofcmflitions(Ref4).

3.1 Paralleter Values arfl‘Sonar'Perfomance

For a given array size and signal banimdt-h, the reverberatimx-limited
perfonmnceofasmarsystenmayberepresaitaimtemsofdetectimmmemfl
operatingfrequencyas,farexanple,lineRL'(B) inFig7,wheretheperfoumnce
increaseswithinczeasingfrequencyduetoreducedbemwidths.

For a given transmitted power, the noise-limited performance of a systan
isgovemedbythesignalpilsefimadm.T,andmise-hnfltedperfomamemy
alsoberepresentedml-‘ig7byalinesuchasbIL.(T1)._m(-T1)inthiscase
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mismatcasimpleenergydetectorsystamusngaptmmumcase
'1‘1 = 1/13 to achieve a perfomance consistent with the reverberatim-limited

caseRL(B). neperfomatuedeeteasawithtmeasmgfirequawyasehmnme
toanhtcreaseinattamatian,axflpomtnzeprmmtsfltenmdmmperfmne
adlievablevdfltsuchasmplesysten,vmeretheoptimmba1aneeisstruek
between potential reverberatim and noise-limited performance.

3.2 mm of correlatim Process-fl

Itcanbeseenflunfig7thattoexploitfimmerfl1epotmtia1revadaera-
timperfomanceofasystanasreprmentedbyflma),u1ereisaneedbogoto
higheroperatirgfiequmiesarflmmefliemise-lmtaiperfcmarmWan
mtsuehaslmem.('r2)1nthefigme. miscanonlybead'xievedbyadapt-

ing oorxelaticm or pulse emprasicm techniqum which make it possible to use a
signal hardnidth, B, to retain the reverberation-limited perfonranoe RLtB)

milstttansuttingammmpflselengfltflmntherecipmcalofflte
bandwidth ('1‘2 >> 1/3) to achieve the required noise-Limited performance. In

practice,hnptovamtsmdetecumrangeoffl1eo:derof30%werfl1esmle
myydetectoreystenazereadilyad’tievedbythisneans.

3.3 'fl'te Effect of Limited'Size

When the array size is Limited it hectares increasingly difficult tamin-
tainasatisfactory reverberation—lmitedperfmtazne as,focr:examp1e,inthe
casedepictedinFigSvmichshwsflteeffectsofanmereasemstrfacezever
beratimasazesultofanmcreasemseastatefirunSSItossl Inthis
situatimthedetectimramedecreasesbyafactorofabthfzmpointAto
pothaxlflteteismlmtgerasatisfactmybalancebeueenreverberatim
and mise-lmted perfomarne. In fact, the potential wise-united perfor-
narwepzwidedbywlselelgthrisomrtributhrgmthingtofleperfmanoeat
poimcflhthesecirmtarnesitismrmlemidermgmepossibinty'
ofendnangmgsamoffluspotmtialmiseperfonrameforanhnreasedrever
berationperfomance. Boa-agiven sizeandomplacityofequiptmttherewill
bealhnittotheBrpmductavailableforcorrelatimpmcssingardthus,
keepingwiflflnaset,nmdmnva1moffl,inprwedzevefiaeratimperfomance
maybeadtievedbyixmeasingflandreducingTappzupriately. Theeffectof
wdnadaangebyafactorof3isshmmrig8'whereitcanbesemthata.
omparatively Shall sacrifice in noise-limited perfomanoe has led to a thematic
impravment in reverberatim perfomance to point D, reewpingrmst of the lost
detectionrameac.

Herethenisastmngeaseforcorzelatimpmcessmgcmbinedwithanme
fleadbledaignappmadmtoptuddereadyselectimofcmbmatimsofoperat-
naparmetersBalflTthusaabnngtheperfomarwetobeopumisedmfluntte
botmdsofgivenequiplentaxflexwirmmentalcmstrainta.

intimately the developult of dtarge coupled device transversal filters
miehcanzeadilybeusedmflrplamtwuelatimtypereceivershasaabled
asystanbasedmtheseprinciplestobeeonstrueted.
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3.4 (I!) Elementaticn'of a'Transvemal Filter

'Ihetransversalfilterisageneralpn'posesanpleddata, simlprocessing
element. 'Ihe filter perfcms a cmvoluum of input samples with weighting
coefficierxtswhidIfonnmemwlserespm-aseofthedevice. nuismaybe
messed mathematically as

C(n) = I: S(n—N) r
N n

Such a filter with electrically prograImEble coefficients has been realised
mlithically (Ref 6). me device ardlitecture (figure 9) is sinple and can-
pactarflisadirectrealizatimofthetransversalfilterstructure. The
devicehasbeminplerentedushvglhnardngetransferdeviceandlflcar
pcnent tedmology.

-mesignalzegisterisfcnedfrunatappedanalogue®delayline.
Signal infcnnatim isrepmesentedhypacketsofdiaxgewhiduaretransferred
between closelyspacedelectmdes byapplyinga sweicn cfpulsedvoltages.
Periodictappingofthesignalfmnthecnbdelaynmisadlievedvia
capacitivelyhcoupled sensing 9am which are included at appmpriate points
withintheCL'Delecuodestruchne.

BecauseHBmDsigmlregisterpmvidesflaenecessazytime-shiftprocess
a static analogue reference register is sufficient to supply the weighting
values to the multipliers in parallel foam. Weighting coefficients are altered
crtefresheiviaasinglenultiplaaimalogueinputbus. '

For general purpose signal processing, accurate mltiplicaticm of the
signal and reference samples is required at each filter point. A novel multi-
plication arraqu has been developed aroma a single KB transistor
cpa-auxgmdmtricderegimmdlgivesmhmmvedperfcmancewerpre-
viwscmfiguraticns. mtdmIgnequirarentshavebemrancvedbytfllemflti-
placing and the entire nultipucauon and surrming neuvcrk is effectively
dicppexhstabilised at the systen clock frequency.

3.5 Perfomance

Aprineappllcatimofflleprogramahledeviceinactivesmarsystetsis
asanatd1edfflter,vmeretheimp11seresponseoffllefilferisdnosmmbe
thetine—reverseofthewavefomtobedetected. Insudxapplicatimshigh
Bardddth—Tmeproductsaredesirable. menazdmnBTproductthatmaybe
aduevedisgivenby .

(BThnax = , _ (2)

MmeNisthenuvberoffiltertars.

Whenacdnisusedasanatdxedfiltertheultmateljmitcnthemmberof
filter points is deteuninedbythe diaxge transfer inefficiency (cti) of the 
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device. Canputer sixmlatian indicates that perfonlanoe is adequate providing
the product

B‘I'e < 1 (3)

whereeisti-Lectivalueperfilterstage. Thus foratypicalsperstageof

10-3 Bt's of 1000 may be used implying a total filter length of at least 2000
points.

When this work cmmenoed, in 1977, (ED processing using alundnium gate tech-
nology limited device length to 64 pants, with the possibility of producing
256 point devices in the future wing polysilicon processing. For this reason
64 pointdevioesweremadeavailableandazss pointmatchedfilterwascmr
structed on a single printed circuit board. A smar signal processor was made

usingthae filterboardsandwasevaluateddurmg shallowwaoer seatrials.
Recently a 256—point polysilioon device has been developed and evaluated in the
laboratory, andthesedevioeswillbecascadedtonakea 2048pointpmooessor
in the near future.

4. WEASEDSCNARSYSEM

'me original 256 point 02D matched filter circuit boards form the basis of
,. a flexible, linear amplitude sonar system (figure 10). The systan consists of

acaptivearraywtfidmcanbesuspemiedatdepthfrmatrialsvasel. Beam-

fomungisadtievedwithinthearraymit, andbeamoutpxtsareroutedtoa

ship-board variable gain'receiver.

lhegainofthereceiverismicropmomsoroontmlledandcanbeinitially
progrmredbymeoperator,flienmleasedmadjustfliegainadaptivelymflle
basis of stored echo amplitude infomation fromprevious listening intervals.
Intmswaymn—lmear anputudeagctypereceivetsareavoidsd. Waveformsto
betransuttedbyuieanayandwreferencesmplesarealsomiaopmoessor
generated. ‘Ihesewavefornsmaybeselectedto suit operational reqmranents.

'mesignalpmcessorvmidx followsthereceiver cperatesmbasebatidsigrials,
arxifliereforeomsistsofmandquadmtmediamels. Eadtdnamelm-
clxflesaZSGpointtxDmatdzeifiltec. 'Iheyuaseofthediamdisdetmumd
bythereferencesamples.

mesystanhasbemtestedatseainScottishCoastalWatersusingaUK'O'

classoonventional stflxrarineasatarget,arflshallwwaterperfomanceagainst
astrongreverberatimbackgromdhasbeendemnstrated.

Conclusion

The requiranent for fleadble spatial and signal processing system capable

of optimising the reverberation limited perfomanoe within given operational

constraints has been indicated. Ehcperirmtal versions of 0:13 sonar heamfomdng

andsignalpmcessingsystanshavebeenassetbledandtestedatsea. The
rault-s indicate that the CC!) is well suited to sonar applications offermg
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mprovedperfomance notonly because of the fledbility of the
becausefliehflxermtpmersavingmflcmpachmsofmedevicespmvidefor
nmeadvancaipost—processhig.

5. mm
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